The isolation of iodonium ylide 8, from the reaction of fluoroiodane 1 with ethyl 3-oxo-3-phenylpropanoate 5 in the presence of potassium fluoride, provides strong evidence that 1,3-dicarbonyl compounds undergo an addition reaction with fluoroiodane 1 to form an iodonium intermediate which can be deprotonated to generate an iodonium ylide. In the presence of TREAT-HF, however, the iodonium intermediate reacts to form the 2-fluoro-1,3-dicarbonyl product and we propose that fluoroiodane 1 simulates electrophilic fluorination via an addition/substitution mechanism. Further evidence to support this mechanism was obtained by successfully reacting the isolated iodonium ylide 8 with TREAT-HF, hydrochloric acid, acetic acid and p-toluenesulfonic acid to form the 2-fluoro-, 2-chloro-, 2-acetyl-and 2-tosyl-1,3-ketoesters respectively.
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Introduction
The development of mild and efficient methods for introducing fluorine into organic molecules has always been a highly desirable target for the pharmaceutical and agrochemical industries because of the beneficial properties imparted by fluorine. Recently, hypervalent iodine reagents, in combination with nucleophilic sources of fluoride, have provided remarkable progress in the development of new fluorination synthetic strategies. [1] [2] [3] [4] [5] [6] 8 Sanford has reported a mild Cu-catalysed nucleophilic fluorination of unsymmetrical diaryliodonium salts in order to access 18 F-labelled aryl fluorides, 1 whilst in 2014 two independent research groups introduced aryl iodonium ylides as alternatives to diaryliodonium salts for the direct preparation of electron rich and non-activated Since Kitamura demonstrated that (difluoroiodo)arenes can be generated and used in situ for the fluorination of 1,3-dicarbonyl compounds and acetophenone derivatives, there has been renewed interest in the applications of these and related hypervalent iodine reagents. 3,4 Both Kitamura and
Shibata have now improved this process and shown that ArIF 2 can be generated in situ using a catalytic amount of iodoarene in the presence of m-CPBA and hydrogen fluoride. 3c,3d Shibata has extended this fluorination protocol to the intramolecular aminofluorination of alkenes and alternative procedures using PhI(OPiv) 2 /HF-pyridine and PhIO/BF 3 .Et 2 O have also been reported.
4
A chiral (difluoroiodo)arene was first reported in 2013 and good enantioselectivities (61-81% ee)
were obtained in the enantioselective aminofluorinations of a series of alkenes. We, and Szabó, have demonstrated that fluoroiodane 1 can act like an electrophilic fluorinating reagent with 1,3-dicarbonyl compounds and styrenes respectively to create new C-F bonds. 6, 8 In this paper, however, we propose that the fluoroiodane actually simulates an electrophilic fluorination via an addition/substitution mechanism and evidence to support this mechanism will be presented.
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Scheme 1 Synthesis of fluoroiodane 1
Results and Discussion
The optimum reaction conditions for the fluorination of ethyl 3-oxo-3-phenylpropanoate 5 had been developed previously and used 2 equivalents of fluoroiodane 1 with 2.7 equivalents of TREAT-HF in dichloromethane at 40 o C for 24 hours (Entry 1, Table 1 ). 6 The air and moisture stability of fluoroiodane 1 is illustrated in Entry 2 where it still performed well after being stored in air at room temperature for 7 weeks. Entry 3 demonstrates clearly that the addition of the acid, TREAT-HF, is essential for this fluorination since only 10% of the monofluorinated product 6 was isolated in the absence of TREAT-HF. However, when ethyl 3-oxo-3-phenylpropanoate 5 was reacted with fluoroiodane 1 under basic conditions using 1.2 equivalents of potassium fluoride in acetonitrile, the conversion to the monofluorinated product 6 decreased dramatically to only 18% and a new product 8 was observed for the first time (Entry 4). On increasing the amount of potassium fluoride to 2.2 equivalents, conversion to 8 was much higher and, with 5.6 equivalents of potassium fluoride at 60 o C (Entry 6), the conversion reached 100%. After purification by column chromatography, the spectroscopic and structural data indicated that the new product formed under basic conditions is the iodonium ylide 8. The solid-state structure of iodonium ylide 8 is presented in Figure 1 . As expected, the C(10)-I (1) bond length is slightly shorter than the C(1)-I(1) bond length (Table 2) and is similar to those reported for other iodonium ylides. 9 The negative charge of the ylide is delocalised into the carbonyl group of the ketone and consequently, the C(10)-C(11) bond length of 1.406(8) Å is slightly shorter than a normal C-C single bond, whilst the C (11) Non-functionalised acyclic phenyliodonium ylides are normally prepared by reacting (diacetoxyiodo)benzene with 1,3-dicarbonyl compounds under basic conditions at 0 o C, but these iodonium ylides possess low thermal stability and can often only be prepared and used in situ. 13, 14 For example, the phenyliodonium ylide 12 derived from dimethyl malonate (Figure 3 ) is unstable in organic solvents at room temperature and decomposes to iodobenzene and the dimethyl malonate dimer. 14b Cyclic iodonium ylides (e.g. 13 which is derived from Meldrum's acid), however, are more stable and the increased stability is thought to be due to secondary C-I···O bonding which has been observed in the solid-state structures. 9c Recently, the solubility and stability of iodonium ylides have been improved by the introduction of an ortho-alkoxy group in the phenyl ring of the phenyliodonium moiety (e.g. 14)
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. 9a,9b The new iodonium ylides (8, 10 and 11) reported here are stabilised by an ortho-propan-2-ol group making them surprisingly stable for acyclic iodonium ylides and three different intramolecular interactions between iodine and oxygen were observed in the molecular structure of iodonium ylide 8. Not only are these new iodonium ylides stable at room temperature, but they were all purified by column chromatography on silica gel.
Figure 3
Examples of an acyclic iodonium ylide 12, a cyclic iodonium ylide 13 and an orthofunctionalised iodonium ylide 14
We decided to investigate the fluorinations of the iodonium ylides (Table 3) with TREAT-HF in order to test them as alternative starting materials in the proposed reaction mechanism in Scheme 2.
When iodonium ylide 8 was reacted with 2.7 equivalents of TREAT-HF, the same monofluorinated product 6 was isolated in 36% yield (Entry 1) presumably via a protonation and reductive elimination/nucleophilic substitution sequence. Crucially, no fluorinated products were obtained when 8 was reacted with a non-protic source of fluoride, TBAF (Entry 2). A very similar result was also obtained with iodonium ylide 10, which on reaction with TREAT-HF formed the monofluorinated product in 28% yield. In contrast, the reaction between iodonium ylide 11 and TREAT-HF proceeded much better to give 2-fluoro-1,3-diphenylpropane-1,3-dione in 64% isolated yield. For the first time the difluorinated product (9%) was also produced along with 1,3-diphenylpropane-1,3-dione (15%). The difference in this reaction is that 2-fluoro-1,3-diphenylpropane-1,3-dione contains both keto and enol tautomers, whilst the monofluorinated 
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products of the ketoesters only exist in the keto form. Consequently, 2-fluoro-1,3-diphenylpropane-1,3-dione could react with the ylide and then undergo a second fluorination. We have extended this methodology to other protic acids (Table 4) . When iodonium ylide 8 was reacted with 2.7 equivalents of hydrochloric acid, the monochlorinated product was isolated in 83%
yield. Excellent isolated yields (72-93%) were also achieved by reacting 8 with acetic acid and ptoluenesulphonic acid in order to form the monoacetylated and monotosylated products 
respectively. The monotosylated product can also be prepared in 77% yield by the direct reaction between ethyl 3-oxo-3-phenyl-propanoate 5 and tosyliodane 4.
Conclusions
In conclusion, we propose that fluoroiodane 1 simulates electrophilic fluorination with 1,3-dicarbonyl compounds via an addition/substitution mechanism. The isolation of iodonium ylide 8, from the reaction of fluoroiodane 1 with ethyl 3-oxo-3-phenylpropanoate 5 in the presence of potassium fluoride, provided strong evidence that 5 underwent an initial addition reaction with fluoroiodane 1 to form an iodonium fluoride 9. Under basic conditions iodonium fluoride 9 was deprotonated to form iodonium ylide 8, whereas under acidic conditions it reacted with TREAT-HF to produce ethyl 2-fluoro-3-oxo-3-phenylpropanoate 6 either by a reductive elimination or by a nucleophilic substitution. The ortho-propan-2-ol group increased the stability of iodonium ylide 8 and the solid-state structure showed that it was stabilised by three different intramolecular iodineoxygen interactions. Iodonium ylide 8 was also reacted successfully with a series of protic acids (TREAT-HF, hydrochloric acid, acetic acid and p-toluenesulfonic acid) to form the 2-fluoro-, 2-chloro-, 2-acetyl-and 2-tosyl-1,3-ketoesters respectively giving further evidence to support the proposed protonation and reductive elimination/nucleophilic substitution sequence.
